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3nis Investigation Is primarily concerned with
the stabilization of sands for military purposes.
Actual tests were made v;ith amphibious operations
in mind, and, for this reason, beach sands were used
in the experimentation.
During wartime landing operations, many rubber-
tired vehicles must be run ashore from amphibious
craft. Sand, in itself, will not support these ve-
hicles unless it happens to contain a certain
critical amount of moisture. This condition will
normally prevail on little, if any, of the shore
area. In order that the vehicles be able to move
at all under their own power, the sand must be nade
to afford some support in addition to that supplied
in its natural state. The following investigation
presents one method of accomplishing this aim.
Inasmuch as this type of work will normally
be applied only to wartime use, certain factors are
taken into account:
First, it is recognized that this process lay
frequently have to be carried out under combat
conditions and under enemy fire. For this reason,
considerable attention has been given to devising

.methods and designing equipment for simplicity and
speed.
Second, the roads provided will probably be
needed for only a comparatively short period of
time* Therefore, the permanence of the finished
product need not be a prime consideration.
Third, it is realised that this process is a
wartime expedient and will not have extensive ap-
plication to peacetime use. In its present form,
it will not be economically feasible for ra-
cial application because of the prohibitive cost
of material and labor.

This set of experiments makes use of a high
temperature reaction to produce the desired effect.
The heat evolved is made use of in two separate and
distinct methods, to be explained shortly. The
heat is produced by the fusion of ther it.
Thermit is a mixture of iron oxide scale and
finely-ground aluminum, When ignited, these react
to form iron and aluminum oxide, with large amounts
of heat being evolved. The temperature of the re-
action is over 5000 degrees Fahrenheit.
:I0D I
In the first method, this heat is used to
bring about the formation of a glass-like slab,
consisting mainly of silicates. The sand, which
consists mainl- of silica (quartz) must be mixed
with a basic c Ich can furnish an element
that will form a silicate of lov;-melting tempera-
ture. Two applicable elements are sodir cal-
cium. The sodium can be applied as toda I
(sodium, carbonate) or ->rax, and the calcium as
lime (calcium oxide) or .' lestone
(calcium carbonate). A combination of both elenents
is used to take advantage of the lower p-

ereture of the podium riliette, cn# 9 according to a
source in the United rtetee Hevy t the Bureau of
£arde end Docks, the greater toughness imported by
the caloium cilice te» CZhe United Stetee Bureau of
lllnee bee no information to correjbor&ta the letter
statement,
;
Hie &unA le mixed with the proper aaount of
fluxing agents end © layer of thermit io placed
between two layers of the «iature» Hie heat gen*
ereted by the fusion of the thermit brings about
the formation of e molten slag layer adjacent to
the burning therm! *
Shis slag* which le essentially glass* le
formed to e distance of approximately ono inch ofi
eeeh side of the melt foraaed by the thermit itself*
Upon cooling* e slab of from 2 to 4 inches total
.icbness rcaults* ibia slab has little taeehenleal
-i-v--:,t:, as le awareal &*• --• iMpMtMMi
Recover, when fully supported by the sand below it
and covered by a depth of about 3 inches of excess
sand mixture to distribute the load to the slab*
it oan support considerable weight* 1hus f a wary





In the second method, the heat of the thermit
reaction Is used to accelerate the setting of
water glass (sodium silicate) to form i hard, glas-
sy binder for the cand»
The water glass is applied to the sand above
and below the lit layer* The themi t is ignited
and the heat £« :d quJ .vea off ater
of hydration from the wetei •< r#f the
sodium silicate as a hard material binding the
grains of sand together on each side of the slab
formed by the fusion of the thermit itself. The
grains of sand t Ives do not enter into any
reaction and are not cL " except for 30:110 melt-
ing in the immediate vicinity of the burn ermit
layer
•
Tills method produces a i I $ In,
has little meehanical strength, but whieh under the
aforementioned conditions of support and overpayment




The only previous work of this kind was dons
by the U.S. Navy at the Advance Base Proving Ground
under the supervision of Mr. G. E. Sanford, con-
nected with the U.S. Naval Construction Battalion
Center, Port Hueneme, California. The procedure
and results of this investigation were included in
the Report on Beach Stabilization Tests of 14
April 1948, by Mr. Sanford.
In this previous test, an area 10 feet wide
and 50 feet long was prepared to receive 4 layers
of material. The first layer consisted of thermit
applied evenly to a depth of about three-quarters
of an inch. The second layer was composed of a
mixture of sand, soda ash and hydra ted lime, ap-
proximately 7 Inches deep. The third layer was
another three-quarter inch layer of thermit, and
the fourth layer was another 7 inch layer of mix-
ture of soda ash, lime, and sand.
The plot was ignited from one end, both lay-
ers of thermit being lit off simultaneously.
After cooling, the area was tested under
varying vehicular loads, the heaviest of which was
a 2^-ton truck loaded with 11,000 pounds. Ruts
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about 4 inches deep were formed. However, after
three or four passes of the truck, the ruts became
firm and did not deepen with continued traffic.
This operation was repeated several times on dif-
ferent areas of the slab, and each time the excess
soda ash, lime, and sand mixture filled in the rut
and the area became as firm as the rest of the
plot.
The over-ell results v/ere satisfactory and
the recommendation was made that further investi-
gation of the method be made in en effort to re-
duce the quantity of material used and to devise
a method of epplication which would reduce the
time and labor required.
During the following investigation, the
water glass method was devised and tested. As far
as the investigators can determine, water glass






APPARATUS AND MATERIALS USED
l 9 Thermit packed In nine-pound bags
2. Thermit ignition powder
3. Soda ash in 100-pound bags









For the purpose of the experiments, a pit
5 feet deep and 5 feet square was dug. This pit
was filled slightly more than half full of beach
sand; beach sand being used to duplicate the
type encountered in amphibious landings. On top
of this were placed the 3 layers of material
used for the various experiments, thermit being
the middle layer.
me mixing of the chemicals used in the
first method was effected by the use of a one-
bag concrete mixer, the chemicals having been
carefully weighed out before being shoveled into
the mixer. Mixing time varied with the amount
of chemicals being mixed; enough time was taken,
however, to insure a fairly uniform mixture of
the chemicals and the sand.
The layers of chemicals were placed with
shovels, care being taken to make the surface
of the bottom layer as level as possible before
placing the thermit over it.
The thermit was ignited by placing a paper
cone down to the level of the thermit layer and
putting a small quantity of thermit inside.

IB.
About one teaspoon of ignition powder was placed
on top of the thermit inside the cone and i^ited
with the flame of a wooden match head. Paper
matches were found unsatisfactory for this pur-
pose because of the lower temperature of i3nition
of the heads and the paper of the match. A
burning thermit puddle must be formed over the
thermit layer or combustion will not begin prop-
erly.
The load tests were carried out by driving
the left front wheel of a 2^- ton truck repeatedly
over the test plot, noting the result after each
pass of the wheel.
At the conclusion of each test, the used





Two distinct methods of testing were used.
In the first, seven tests were run with varying
proportions of send, lime and soda esh under
differing conditions.
TEST I
Three layers of materials were used for
the test.
1. Mixture of 36 pounds of send, 7-3/4
pounds soda ash, 1-1/3 pounds lime. Depth
about 7 inches.
2. Three and one-half pounds of thermit
per square foot, m&':in3 a depth of l/o inch.
3. Mixture of sand, soda ash and lime as
in layer 1.
She thermit was Ignited and burning was
about 80$ effective. The combustion was vigo-
rous but slow.
The slab was alloved to cool for one hour
end then uncovered.
Results were ?ood, resulting in a slab ap-
proximately 2-J inches In thickness which seemed
to be very hard and tough.
*"




Hiree layers of materiel were used for the
test.
1. Mixture of 36 pounds of send, 18 pounds
of soda ash, 6 pounds of lime. Depth about 7
inches.
2. Pour pounds of thermit per square foot.
3. Mixture of sand, soda ash, end lime as
in layer 1.
The thermit was Ignited; combustion was
complete and 100$ effective.
Ttio slab wa3 allowed to cool for one hour
and then uncovered.
Results were excellent. The slab varied
from 2 to 4 inches in thickness and was very herd
and tough.






Three layers of material v.ere used for this
test.
1. A thoroughly-wetted mixture of sand,
soda ash and lime in the same proportions as
Test 2.
2. Thermit — 4 pounds per square foot.
5. fixture of sand, soda ash and lime in
the same proportions as layer 1, wetted thoroughly.
Tho thermit ?/as ignited and burning was
about 40$ effective. The combustion was very
erratic.
Results were poor, the slab being less than




In this test, a concentration of 4 pounds of
thermit per square foot was burned between layers
of beach sand which were not wetted and to which
no chemicals were added.
Combustion was about 90^' effective.
Results were poor, the effect of the burn-
ing thermit upon the plain sand being negligible.
The resulting slab was made up of the thermit




Four layers of material were used for this
test.
1. Soda ash laid directly on the send to a
depth of 1/2 Inch.
2. Pour pounds of thermit per square foot.
3. Soda ash laid over the thermit to a
depth of 1/2 inch.
4. About 4 inches of plain sand ?;ere tl:
laid over the whole test plot.
The thermit was ignited and burning wa3 100$
effective. The combustion was violent, accom-
panied by blasts of burning gas issuing from
cracks which developed in the surface of the test
plot.
The slab was allowed to cool for one hour.
Results were poor. The slab was only about





Three layers of materiel were used for the
test.
1. Lime laid directly on the sand to a
depth of about l/o Inch.
2. Four pounds of thermit per square foot.
2. Lime laid directly on the thermit to a
depth of about 1/8 inch.
The thermit was ignited and burning was 60%
complete. Combustion was slow.
The slab was allowed to cool for one hour
and then uncovered.
Results were poor. The slab was only about
1 inch in thickness, made up primarily of thermit




TLST 7 - LOAD TEST
ftie slab obtained from Test 2, having been
the best of the six tests, Test 2 was repot. ted
and the slab subjected to a load test as follows:
A 2£- ton truck was used for the testing.
The front wheel of the truck was driven onto the
test plot. The wheel dropped approximately 4
inches Into the pit to make contact with the test
surface. A rut approximately 3 inches deep was
made, which became firm after repeated passes of
the wheel.
The slab was then uncovered and investiga-
tion revealed that the slab had cracked, under
impact of the dropping wheel, into pieces vary-
ing from 3 to 6 Inches across. However, the
cracking did not seem to affect the load-carry-
ing capacity of the slab greatly, inasmuch as
the loads were still carried with little or no




Thermit and water glass were the only ma-
terials used in the second set of tests.
. ST 1 .
One-half quart of water gless per square foot
was poured directly on plain sand and allowed to
soak in for 10 minutes.
Four pounds of thermit per square foot v;ere
spread on this wetted surface.
About 1 inch of dry sand was placed over
the thermit and soaked with the same amount of
water glass as "before. Over this was r laced a-
bout 4 inches of dry sand.
Upon being ignited, the thermit burned com-
pletely and evenly, accompanied by the evolution
of a large amount of gas. Results were excellent.
!Bae slab formed was of a uniform thickness of
approximately 8 inches. It consisted of 2 lasers
of sand bound together by the sodium silicate,
with a small layer of thermit slag in the center.








For this test, one quart of water -;lass was
mixed with 10 pounds of sand and then spread In
a 2-inch l&yer.
•Rier.^it was placed over this in the amount
of 4 pounds per square foot, and about 4 inches
of dry sand were spread over the thermit.
Combustion was complete, with not quite as
much gas evolved as in Test 1. Results were good
The slab was about 1-1/2 inches thick, but not
very uniform. There was less formation of blow
holes in the thermit slag.
It is evident from this test that there is
no advantage to mixing the water glass with the
sand before spreading. In fact, surface appli-




V 5 - LO/iD TEST
Test 1 was repeated and the reaultirr slrr
tested as follows:
A 2-jj.- ton truck was used. The front wheel of
the truck v/as driven onto the test plot, the wheel
dropping about 5 inches in making contact. A rut
approximately 3 inches in depth v/as formed. Re-
nted runs back and forth over the plot only-
further compacted the sand over the slab. The
rut did not deepen appreciably.
Investigation revealed that the slab had
cracked under the impact of the wheel into 3 to
6- inch pieces. However, the load-carrying cap-
acity did not seem to be affected.
There was no noticeable difference between
the behavior of this slab and the previously-
tested soda ash- lime slab*
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On the basis of these investigations, the
sodium silicate method appears to have several
advantages over the lime and soda ash method.
The main difference is in the time of prepara-
tion of the site for the ignition of the thermit.
The water glass needs only to be poured onto a
fairly level surface from containers, while the
soda ash and lime have to be put in a mixer,
along with large quantities of sand, then re-
moved and spread on the site. The application
of water glass obviously is much to be prefer-
red "&here an eneny is present to hamper opor;
tions.
Soda ash and lime present the additional
disadvantage of being caustic materials which
can cause considerable discomfort to workers
whose eyes and noses are not properly protected.
In addition, the chemicals must be protected
from moisture during transportation to the site.
The cost of materials, as purchased from
business establishments, Is about equal for the
two processes. However, the cost of the soda
ash- lime method can be reduced slightly. It is

felt that a 5 inch layer of mixture on each side
of the thermit is the maximum necesscry, since in
none of the testa did the efrect of the heat from
the thermit reaction extend more than 2 inches
from the thermit layer. It does not appear de-
sirable, however, to sacrifice any slab strength
by cutting down the percentage of chemicals used
in the mixture, since the cost of the chemicals
constitutes only about one-sixth of the total
cost of the process • It appears that the propor-
tions used in Test 2 are close to the minimum
for the formation of a slab of maximum t.:ickne33.
On the basis of the strength of the slabs,
there appears to be little difference in the
two methods. In testing, both of the slabs
cracked under the impact of the wheel us it
dropped down onto the test plot. However, the
vehicles remained supported because the broken
slab still presented a solid, if not rigid, sur-
face bensath the excess sand over the slab.
Neither slab has great meehanical strength in
itself, and both will probably break under heavy
loads; yet this cracking is not considered of
prime importance since the broken slabs will

29.
still present a solid base for the vehicles to
travel upon. No dependable method of measuring
aotual comparative strength was available, nor
deemed necessary.
The one advantage possessed by the soda ash-
lime method, is that the mixture of these chemicals
fills the voids in the sand mass and forms a soil
aggregate which will compact to a fairly dense
material, particularly in the presence of water.
Hov/evor, this same result can be achieved with
easier- to-hand le, non-caustic chemicals, such as
calcium chloride.
In the application of either method, dry sand
is desirable, but not absolutely necessary. The
evaporation of the water contained in the wet sand
uses up a large amount of the available heat, and
usually results in a very thin, porous slab. If
such moisture is present, it is recommended that
the amount of thermit be increased to 5 or 6 pounds
per square foot.
For normal procedure, 4 pounds per square
foot of thermit was found to be the minimum prac-
tical. Lesser amounts do not lurn satisfactorily




j _IG£; of METHOD gg APPLICATION for V.AKTIMIl u
The chemicals and sand cannot be pre-mixed be-
fore transportation to the site. Thus, a large
mixer must be one of the first pieces of equipment
ashore. After mixing, a spreader of the general
type used to spread fertilizers on farmland can bo
used to spread the first layer of the Clerical
mixture.
On this layer of chemicals, the thermit must
be placed. Since placement by hand is a time-
consuming and exacting process, it is recommended
that the required thickness of thermit be placed
beforehand between two sheets of tough paper or
cloth and quilted to prevent a shift of the ther-
mit between the sheets. Such a shifting might
make the thermit too thick or too thin in places
as it is transported. This quilt of ther lit is
placed on top of the layer of chemical mixture
as soon as the latter is pieced by the spreader.
One method of preparing the thermit layer
beforehand was devised and tested. The thermit
was mixed with enough water glass to dampen it

»•
thoroughly and then spread bet; eon two she etc of
heavy paper, using 4 pounds of thermit per square
foot. This was allowed to stand for about one
month, during which time the water r-lass dried
enough to bind the thermit into a hard slab.
When ignited, the thermit burned completely and
very evenly. The uniform thickness of thermit
causes a controlled rate of combustion not at-
tained by uneven application. The only drawback
to this method is that the thermit would prob-
ably have to be formed and left in flat sheets.
These might or might not prove to be too diffi-
cult to handle, although the investigators see
no necessity for using sheets of too great a
size.
After the thermit, the final layer of chem-
ical mixture must be applied with shovels, this
final operation being the longest and consti-
tuting the £rest disadvantage of the method as
compared to the water glass method. The top
layer need not be smoothed, however, nor need
it be very uniform as long as its thickness
exceeds 4 inches.
Truncated cardboard cones, 4 inches tall

. I
with bottom diameters of 1 inch and top diameters
of 2 inches filled with thermit and sealed with
paper at both ends should be prepared beforehand
for use in the ignition of the thermit. To ig-
nite, the cone need only be pressed down through
the sand*chemical mixture to the thermit layer,
the top paper broken and ignition povvder pier
on the igniting thermit charge therein, /.n ord-
inary wooden ntttl 11 serve to touch off the
Ignition powder and start the reaction.
As soon as the plot has cooled (one hour
limum), it may be used for traffic. As long
as vehicles are not stopped on the plot, the





ace the surface of the sand is used directly
in the water-glees method, and no chemical layer
need be applied, little if any smootl if the
beach is required.
Therefc spray tank can be the first piece
of equ~ t off a landing craft. Tie tank can
spray the water glass over the surface of the sand
and the placing of the thermit quilt, constructed
as in Method 1, ctn begin immediately.
Over the thermit quilt, plain sand from areas
adjacent to the proposed roadway can be shoveled
th the help of bulldozers.
The area is then spreyed again from a tank
pulled alongside the plot, equipped with nozzles
on pipe extensions which reach over the roadway
area. These extensions might be incorporated in
the same tank which performed the first spraying.
3n the spraying has been completed, 2 or 3
inches of dry sand should be applied and ignition
of the t acted as described in Method 1
using the prefabricated paper cones filled with
thermit.
After a similar period of time for coolir.
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